properly cited.
Introduction
Although glaucoma treatments have been developed, glaucoma is still a major cause of worldwide blindness. Trabeculectomy has long been performed as the only surgical procedure to achieve very low intraocular pressure (IOP) to prevent progression of visual field damage in glaucoma eyes [1] .
However, there is a serious concern for bleb-related endophthalmitis (BRE) even after successful trabeculectomy, especially when antifibrotic agents including mitomycin C (MMC) are used during and after surgery. Effects of a nucleic acid metabolic inhibition by the antifibrotic agents are favorable for maintenance of functional bleb, whereas use of those agents is associated with formation of thin and avascular blebs which can be a risk factor of developing intraocular infection through the blebs [2] [3] [4] . This BRE can occur after early postoperative period, even ten years or more after the surgery, and annual incidence of BRE has been reported to range from 1.1 to 5.4% [3, 4] . Most of the eyes with BRE require urgent and intensive treatments including pars plana vitrectomy (PPV). It has been reported that visual prognosis was better in BRE cases treated with PPV rather than those treated with only medications and general, topical, and intravitreal administration of antibiotics [5] [6] [7] . To our knowledge, however, it has not been investigated which factors have a significant influence on the visual outcome in BRE eyes treated with PPV.
In the present study, we retrospectively reviewed clinical data of consecutive BRE cases after trabeculectomy with MMC which were treated with PPV and evaluated the relationship between visual prognosis and influence factors including species of pathogens and time interval between onset of BRE and therapeutic PPV. conducted in accordance with the tenets of the Declaration of Helsinki.
According to the operation records and medical records, eyes that underwent trabeculectomy with intraoperative use of MMC between December 2000 and July 2013 and that were followed up at least for one year after BRE occurred at The University of Tokyo Hospital were included in this study. Eyes that had bleb infection without vitreous inflammation or vitreous inflammation without bleb infection and that underwent implantation of a glaucoma drainage device before occurrence of BRE within the periods were excluded from this study. The onset time of BRE was defined as a point when symptoms including hyperemia, pain, discharge, and loss of vision and the BRE diagnosis were identified as infectious inflammations spread to the vitreous body with white bleb infection [8] (Figure 1) .
As a general procedure of vitreous surgery, PPV was performed by using 20-gauge vitrector (ACCURUS, Alcon, Texas, USA) with making complete posterior vitreous detachment. If infectious inflammations spread to peripheral retina and severe vitreous base opacity were seen, scleral encircling (AU-240, AU-270; MIRA, Massachusetts, USA) and peripheral retinal photocoagulation were performed to avoid retinal detachment with occurrence of retinal tear induced by retinal necrosis after surgery. The infected bleb was excised for debridement at the end of surgery and conjunctival advancement was performed for covered scleral flap to avoid bleb-related complications [9] . Antibiotic agents were administrated during surgery with irrigating solution and also intravenous drip infusion and eye drop instillation were performed after surgery (Figure 2 ).
Surgical and medical treatment such as lensectomy, retinal laser treatment, scleral encircling, conjunctival advancement, the usage of antibiotics during PPV, and the systemic, local administration after PPV were dependent on the eye and general conditions. In this study, the periods from starting symptom of BRE to initiation of PPV for endophthalmitis were defined as the periods from starting symptom to initiation of treatment for endophthalmitis (PSITE) to evaluate association between times and visual prognosis. The visual acuity, IOP, and posttreatment complications were obtained by patient records. Visual acuities after PPV were evaluated with the final visual acuity. The IOP was evaluated with the last IOP before BRE and the final IOP after PPV.
As for pathogens identified in culture examination, we classified them into highly pathogenic bacteria (HPB) or others. In the present study, HPB were constituted of Streptococcus species, Enterococcus faecalis, and Gram-negative bacteria including Pseudomonas aeruginosa and Haemophilus influenza that produce highly toxic exotoxins and reportedly associated with poor prognosis for endophthalmitis [10] [11] [12] . For culture of pathogens, intraocular lens (IOL), undiluted aqueous humor, and undiluted vitreous samples were always obtained under sterile condition during surgery.
All culture results were obtained using the standard microbiologic procedures using thioglycolate liquid, chocolate agar (37 ∘ C, in CO 2 ), and enriched blood agar (37 ∘ C, in CO 2 ) as culture media. Standard biochemical testing methods were used for speciation of cultured bacteria.
Statistics
The values of decimal BCVA scores were converted into logarithm of the minimum angle of resolution (logMAR) values. Visual acuities of counting finger (CF), hand motion (HM), light perception (LP), and no light perception (NLP) were assigned to logMAR values of 2, 3, 4, and 5, respectively. Statistical analysis was performed using JMP9 software (SAS Inc., Cary, NC 
Results
A total of 2018 eyes of 1225 patients that underwent trabeculectomy with intraoperative MMC between December 2000 and July 2013 were included in this study. Forty eyes had bleb-related infection and 14 eyes were diagnosed with BRE within the periods. Three eyes were excluded because they had no whitened bleb infection. Eleven eyes undergoing PPV were chosen as development of BRE.
Characteristics of the 11 subjects of this study are detailed in Table 1 . The age at BRE onset was from 30 to 81 years. Five (45%) patients were male and 6 patients (55%) were female. The follow-up period after BRE was from 2 months to 8.6 years, with a mean of 3.3 years. The period between trabeculectomy and BRE onset was from 1 to 16 years, with a mean of 7.4 years. The PSITE was from 0 to 7 days, with a mean of 2.3 days.
Bleb leakages were observed in 4 eyes (36%) with the Seidel test when BRE occurred. The bleb was located in inferior half of the limbus in only 1 eye (9%). There were 2 patients with connective tissue disease including each one case of Sjögren's syndrome and dermatomyositis and 1 patient with diabetes mellitus. Oral corticosteroid was prescribed for 1 patient with dermatomyositis. The lens condition was phakia, pseudophakia, or aphakia in 5 eyes (45%), 5 eyes (45%), and 1 eye, respectively. Four (36%) of the 11 patients received PPV with IOL removal. Three patients (27%) received PPV with lensectomy. Six (55%) patients underwent intraoperative laser treatment. There was no patient treated with scleral encircling simultaneously to prevent retinal detachment.
There were significantly no differences on the IOP in 11 patients performed with bleb removal and conjunctival advancement before and after surgery. The number of antiglaucoma medications was from 0 to 3. Seven patients (64%) had no antiglaucoma medication and well controlled IOP. Four patients (36%) required antiglaucoma medications; however, 2 (18%) of them were uncontrollably high IOP (>21 mmHg) with antiglaucoma medications after BRE. One patient with uncontrolled IOP wished to observe without performing glaucoma surgery. The other patient continued high IOP instead of performing with trabeculectomy after 2 months from BRE.
Intravitreously administrated antibiotics during surgery were vancomycin and ceftazidime (82%), ceftazidime alone (9%), and imipenem alone (9%). Antibiotic eye drops after PPV were also used in all patients and administered in combination including levofloxacin (64%), gatifloxacin (21%), cefmenoxime (82%), sulpelin (9%), erythromycin (9%), tobramycin (9%), and vancomycin (18%). Systemic antibiotics after PPV were used in 5 patients including imipenem alone (27%), flomoxef alone (9%), and imipenem and ceftazidime (9%).
Repeated PPV was needed at 9 days after the initial PPV in one eye because of persistent intravitreous inflammation while BRE was controlled after the initial PPV in the other patients. In contrast, another treatment was needed in 2 eyes. One eye was performed with phacoemulsification because of phacolytic endophthalmitis after 3 months from BRE and the other eye was performed with PPV because of proliferative vitreoretinopathy after a month from BRE. Those conditions were not infection related. Bullous keratopathy was developed in 4 eyes (36%) and another one eye finally resulted in phthisis bulbi.
In the present case, series organisms were identified from 8 patients (73%), while in 3 patients no organism was detected in any samples. All organisms isolated were Grampositive bacteria. Streptococcus species were identified in samples of 5 patients including 2 patients with Streptococcus pneumoniae, 2 with Streptococcus mitis, and 1 with unidentifiable Streptococcus. Enterococcus faecalis was isolated from 1 patient. Staphylococcus epidermidis was isolated from 1 patient. Unidentifiable Gram-positive bacteria were isolated from 1 patient. In total, HPB were identified in samples of 6 patients (55%). There is no detection on resistive bacteria in these cases. Without phakia means pseudophakia or aphakia. HPB = highly pathogenic bacteria, SD = standard deviation, BRE = bleb-related endophthalmitis, PPV = pars plana vitrectomy, IOP = intraocular pressure, and PSITE = the periods from starting symptom to initiation of treatment for endophthalmitis.
The incubation of all specimens' results is shown in Table 2 .
All specimens of 11 patients were 26 samples. In all of 11 cases, conjunctival incubation was performed. Incubation of aqueous humor in 5 eyes, removed IOL in 2 eyes, and vitreous humor in 8 eyes was performed. In conjunctiva, the bacteria were detected in 4 (36%) of 11 specimens. The HPB were 2 specimens including Streptococcus pneumoniae and group A Streptococcus. But the detected bacteria without HPB were unidentifiable Gram-positive bacteria in 2 specimens. In aqueous humor, the bacteria were detected in 3 (60%) of 5 specimens. The HPB were 2 specimens including Streptococcus pneumoniae and group A Streptococcus. In contrast, the detected bacteria without HPB were Staphylococcus epidermidis in 1 specimen. In removed IOL, the bacteria were detected in 1 (50%) of 2 specimens including unidentifiable Streptococcus as HPB. In vitreous humor, the bacteria were detected in 3 (38%) of 8 specimens. The HPB were 2 specimens including Streptococcus pneumoniae and Enterococcus faecalis. However, the detected bacteria without HPB were unidentifiable Gram-positive bacteria in 1 specimen.
From HPB infection's point of view, these cases were classified into 2 groups with HPB infection and without HPB infection (Table 3) ; HPB group was significantly higher than those without HPB on the parameters of age ( = .0349) and the last BCVA after PPV for BRE ( = .0337).
Even though PSITE was within 1 day, severe visual loss occurred in Enterococcus faecalis infection. The other parameters including gender, bleb leakage, bleb location, lens condition, diabetes mellitus, connective tissue disease, oral corticosteroids, and ophthalmic past history were not significantly associated. Finally, these cases were classified into 2 groups: with poor visual outcome (logMAR values ≥2) and without poor visual outcome (logMAR values <2). Table 4 shows total number of developments of BRE and number of BREs with poor visual outcome. The poor visual outcome group was significantly higher than the without poor visual outcome group on the parameter of HPB infection ( = .0310).
The other parameters including gender, age, diabetes mellitus, connective tissue disease, oral administration of corticosteroids, lens status, blepharitis, reoperation trabeculectomy before BRE, bleb location, use of antimetabolites, type of conjunctival flap, conjunctival suture with silk, postoperative complications (early leak, choroidal effusion, hypotony, late onset leak, and cataract surgery before BRE), postoperative bleb manipulation, and PSITE were not significantly different.
Discussion
According to a recent multicenter prospective study in Japan, accumulative incidence of bleb-related infection, which included BRE and more early phase of the infection of which inflammation was limited within bleb or anterior chamber, was 2.2% in 5-year follow-up period after trabeculectomy. PPV was required in 14.3% of those bleb-related infection cases for treatment [2] . The purpose of this study was to investigate outcome of PPV treatment to BRE. PPV was selected on treatment of BRE in severe infection. There is a clinically significant if we can predict patient's visual prognosis as the predisposing factors such as timing of PPV or the other factors. Multicenter prospective study cannot estimate those factors and also previous studies have not been investigated.
In the present study, the mean age at the time of presentation with endophthalmitis was 56.6 years, with a range of 30 to 81 years. Several reports have indicated age under 60 years as a risk factor for the bleb-related infection [2, 13] . This was speculated because younger patients were more physically active, which made their blebs in higher risk for the exposure to infective agents or trauma.
In previous studies, the mean period from initial trabeculectomy to bleb-related infection was from 3.1 to 5 years [2, 3, 6] . In our study, the interval from trabeculectomy to the onset of BRE ranged from 1 to 16 years, with a mean of 7.4 years. The results suggest that careful observation may be required indefinitely after trabeculectomy. In our study, the bleb leakages were noted in 64% when BRE occurred. The bleb leakages have been reported as a risk factor of the blebrelated infection [2, 14] . Inferior bleb location was noted in 9%. Inferior bleb has also been considered as a risk factor of the bleb-related infection because of being uncovered with the eyelid and infected by bacteria accumulated in conjunctival sac [15, 16] .
As the visual outcome after treatment with PPV, previous studies showed the median log MAR value of the last BCVA was from 1 to 2 [5, 7] . In the present study, median log MAR value of the final BCVA was showed as 0.82.
Although BRE is an emergency and should be managed aggressively, there is no evidence about how early BRE should be treated by PPV. In our findings, the last BCVA after BRE was significantly better when the responsible pathogens are not HPB. BRE causes severe vision loss in HPB infection even in patients who received PPV within 24 hours.
As for the bleb removal and conjunctival advancement well known to be useful for stopping the bleb leakage [9, 17] , there was no detail report to apply in eyes with BRE to our knowledge. In our study, we required the bleb removal and conjunctival advancement because of the bleb with white opacity which is suspected with infectious cause. Because the bleb leakage is risk factor for BRE and the bleb infection recurs with high frequency in the past history of bleb infection [2, 14, 18] , we recommend this procedure for the patient who needs treatment with PPV for BRE.
As for the prognosis of IOP after PPV, there were few previous studies to mention the prognosis of IOP after BRE including treatment with and without PPV because of the miserable ocular statements such as enucleation, phthisis bulbi, and bullous keratopathy [5] [6] [7] [19] [20] [21] [22] . In previous studies, the mean IOP was 13-14 mmHg and the IOP remained controlled without medication or with no increase in medication in 53-54% [6, 19, 20] . Eventually, the IOP was uncontrolled after treatment of endophthalmitis in 11% of the cases in spite of medications or glaucoma shunt surgery [6] . Our results of those were similar to previous studies.
The most common bacteria that cause BRE include Streptococcal species, Haemophilus influenza, and Staphylococcus species [7, 15] . As for the correlations between the cultured bacteria and BCVA after BRE, the visual outcome is poor when BREs occur, especially with virulent bacteria such as Streptococcal species [5] , Enterococcus faecalis [11] , coagulase-positive Staphylococci, or Gram-negative bacteria. In contrast, coagulase-negative Staphylococcal bacteria such as Staphylococcus epidermidis tend to have a more benign course [15] . The results of bacterial culture in the present study were similar to those of these previous reports. In our study, we evaluated influence of pathogenic bacteria on visual disturbance (Table 3) , and it showed that the types of bacteria may be associated with the visual prognosis. Furthermore, these cases were classified into 2 groups: with poor visual outcome or no visual outcome and without poor visual outcome (Table 4) , and it showed that HPB may be associated with the visual prognosis.
Limitations of the present study include that the present study was retrospective, evaluated a small number of patients, and was conducted in a single hospital, although we searched the hospital record of 13 years.
In conclusion, the present study suggests that visual prognosis of BRE treated by PPV is significantly better when the pathogenic bacteria are not HPB. Severe visual loss occurred with HPB infection even though patients had appropriate treatments for bleb-related complications. Physicians need to have careful consideration to prevent bleb infection after trabeculectomy with MMC.
